2012
; Connolly et al., 2009; Sassen, 2002) , leading to the variation of the ice water content in mixed-phase and ice 46 clouds, which further affects the formation and development of clouds, as well as precipitations (Sassen et al., 2003; Targino et al., 2006; Teller and Levin, 2006; Lohmann and Feichter, 2005) .
48
In light of the significance of dust for the weather and climate system, assessing the effects of dust has become 49 increasingly important. On one hand, the direct (Mallet et al., 2009; Nabat et al., 2015a; Ge et al., 2010; Hartmann et 50 al., 2013; Huang et al., 2009; Bi et al., 2013; Liu et al., 2011a; Liu et al., 2011b; Palacios et al., 2015; Huang, 2017) and the dust emission simulation in DUST/NO-CLOUD and DUST/CLOUD, the Shao dust emission scheme (Shao, scheme (Grell and Freitas, 2014) ; the short-wave (SW) and long-wave (LW) radiation budgets were calculated by the improvement in the simulation of the SW radiation budget over East Asia can be seen in the results from which efficiently absorbs LW radiation emitted by the Earth and heat the surrounding area, and thus increases the than that produced by NO-DUST/CLOUD, indicating that the model reproduced the LW radiation budget more 182 accurately upon taking the effects of dust into account.
183
Similarly to the spatial distributions for the LW radiation, higher near-surface temperatures were observed over 184 Northwest China, which is a dry, arid area, and South China, which is closer to the equator (Figure 3a and b) . The 185 spatial distributions of the near-surface temperature over this region were well reproduced by the model for both accurately captured the spatial pattern of the surface temperature, and the two simulations did not show remarkable 188 difference in their results.
189
During the simulation period, the precipitation increased from North to South China in both months, and increased 190 from March to April over the entire region (Figure 4a 
199
The foregoing comparison of the simulation results with the observational data demonstrated that the model reasonably 200 reproduced the meteorological field over East Asia. Moreover, the meteorological field was produced more accurately 201 when the effects of dust were considered in the simulations, which consequently allows the dust-induced modification 202 of the meteorological field to be investigated. 
218
DUST/CLOUD (Figure 5a) , with values of 10-20 g/m 2 . These ice crystals are mostly formed through the freezing of 219 the deliquesced water-friendly aerosols. By contrast, the IWP produced by DUST/CLOUD is substantially higher than 220 that produced by NO-DUST/CLOUD over mid-latitude areas in the simulation domain, which are the dust sources 221 and their downstream areas ( Figure 5b ). This corresponds to an increase by 25% to 50% over vast areas, from dust 222 source regions to the Northwest Pacific (Figure 5c ), due to the dust particles serving as IN, and leading to a substantial are shown in Figure 5d and e, in both of which the CWPs are concentrated over South China and the West Pacific
where is the SW radiative forcing at the top of the atmosphere, and is the SW radiative forcing at the 
291
The LW radiative forcing was calculated as follows.
292
Where is the LW radiative forcing at the top of the atmosphere, and is the LW radiative forcing at the 
300
The net radiative forcing is the sum of SW and LW radiative forcing.
301
304 305
Clear-sky radiative forcing 306
The radiative forcing induced by dust shown in Figure 7 is also referred to as clear-sky radiative forcing, and is due 307 to the reflection, absorption and emission of radiation by dust particles suspended in the atmosphere.
308
The clear-sky downwelling SW radiation at the top of the atmosphere is slightly reduced over most land areas of East and scattering of SW radiation by dust particles. The clear-sky SW radiative forcing at the bottom of the atmosphere radiation that reaches the Earth's surface is substantially reduced through the absorption by dust particles suspended 313 in the atmosphere. The absorption of solar radiation by dust particles heats up the dust layers, leading to a significant 314 net warming effect within the atmosphere (Figure 7d ). Averaged over the entire simulation domain, the SW radiative 315 forcing over East Asia is -0.63 W/m 2 at the top of the atmosphere, -2.19 W/m 2 at the bottom of the atmosphere, and 316 1.56 W/m 2 within the atmosphere, accounting for 0.19%, 0.87%, and 1.98% of the total clear-sky radiation budget in 317 these three zones, respectively, as shown in Table 2 .
318
In Figure 7b , the clear-sky downwelling LW radiation at the top of the atmosphere is slightly increased over dust 
327
Combining the SW and LW radiative forcing, the net downwelling clear-sky radiation at the top of the atmosphere is 328 reduced over most of East Asia (Figure 7c ). The downwelling clear-sky net radiation at the bottom of the atmosphere 329 is also reduced over most part of East Asia, especially over dust source regions and downstream areas (Figure 7i ),
330
leading to a net warming effect within the atmosphere (Figure 7f ), which is slightly smaller than the warming caused 331 by SW radiative forcing (Figure 7d ). The net radiative forcing is -0.45 W/m 2 at the top of the atmosphere, -0.75 W/m 2 332 at the bottom of the atmosphere, and 0.30 W/m 2 within the atmosphere, accounting for 0.67%, 0.47%, and 0.33% of As SW radiation is not sensitive to ice crystals in the atmosphere, the all-sky downwelling SW radiation shows a simulation domain and the Pacific Ocean in Figure 8a 
358
Summing the SW and LW radiative forcing, the net downwelling all-sky radiation at the top of the atmosphere is 359 generally increased over dust sources, whereas reduced over the downstream land areas (Figure 8c ). By contrast, the 360 net downwelling all-sky net radiation at the bottom of the atmosphere is reduced significantly over most land areas 361 over East Asia (Figure 8i ). Radiative forcing results in pronounced warming within the atmosphere over East Asia as 362 a whole (Figure 8f ). Averaged over the simulation domain, the net all-sky radiative forcing is -0.18 W/m 2 , -0.75 W/m 2 , respectively.
In summary, the direct radiative effect of dust combined with the cloud radiative effect enhanced by dust generally effect of dust in Figure 11a ; the indirect effects, including cloud radiative effects and re-distribution of atmospheric as 1 mm/day or more to the east of Central to South China, where the main precipitation area is located, while an Non-conv.
